


subset be distinct from background noise. As a first step towards a
quantitative index of texture, a “roughness” of MRI image features
was defined as the ratio of subset intensity SD to the SD of the
background, which we termed the roughness index, 3. Radial error
and corresponding values of [ were evaluated for each tracking point
within image pairs and for various levels of SNR.

RESULTS & DISCUSSION

Figure 2a shows the mean and SD of the radial displacement error
for varying levels of simulated strain across all images. As expected,
the zeroth-order algorithm exhibits increasing error with increasing
strain magnitude, whereas the 1%-order algorithm does not.
Displacement error increases markedly with increasing levels of
superimposed noise (decreasing SNR) for both algorithms (Figure 2b
and 2c), particularly below SNR levels of 20. The 1*-order algorithm
was found to reduce average error and SD by 30-90% as compared
with the zeroth-order algorithm for varying SNR levels and 6% strain.

In general, the disc images exhibit much higher average errors
than the meniscus, particularly at lower levels of SNR. This suggests
that the texture of the pixels tracked in the disc differs substantially
from that in the meniscus. Upon closer examination, we found these
errors to be higher in the homogeneous nucleus pulposus region of the
disc (error = 5.846.7 pixels; SNR=12.8, n=35), as compared to the
outer anulus fibrosus regions (0.53+0.72 pixels, n=28). Thus, the
homogeneity of the nucleus pulposus gives rise to large errors,
particularly for low SNR levels. The meniscus images did not exhibit
this drastic spatial dependence of error.

To understand how the roughness index, [, is distributed within a
typical MR image, 3 values were calculated for each pixel within the
disc and meniscus images described above with superimposed noise
(SNR=40), as shown in Figure 3. The homogeneous nucleus pulposus
region of the disc can be identified by lower  values as compared
with the outer anulus fibrosus region. The meniscus exhibits higher
overall values of P, and shows less difference in [ with spatial
position. Figure 4 illustrates the relationship between roughness index
and radial error for both tissue types and varying superimposed noise.
The roughness index shows correlation with displacement error
independent of tissue type or noise conditions. Indeed, there is a very
strong dependence of radial error on  for both tissues, with values of
B less than 5 associated with displacement errors greater than 1 pixel.

This represents a first attempt to quantify texture within MR
images and understand how it relates to error in displacement tracking
using a 1*-order texture correlation algorithm. By quantifying the
amount of texture for a given MR image, the roughness index can be
used to estimate a priori how test conditions and tissue type may
contribute to acceptable measurement accuracy. This may prove to be
a valuable tool toward the goal of determining high-resolution strain
fields within biological tissues using texture correlation.
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Figure 2. (a) Mean and SD of radial error as a function of strain
(n=349 for each data point; no superimposed noise); Error
versus SNR (6% biaxial strain; for disc, n=189; meniscus,
n=160) for (b) zeroth-order algorithm, (c) 1°.order algorithm
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Figure 3. Roughness index, B, mapped for representative MR
images of (a) intervertebral disc and (b) meniscus (SNR = 40).
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Figure 4. Radial error as a function of roughness index, B (6%
biaxial strain).
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